Helicases are active in many aspects of DNA replication, recombination, repair and transcription. An integral membrane bacterial protein assembly involved in the transfer of DNA between cells has been shown to resemble a ring helicase, suggesting that it hydrolyzes ATP to pump DNA through a central channel.
When the atomic structure of the bovine F1-ATPase was solved, its nucleotide-binding core was seen to be similar to that of only one known protein structure. This was the bacterial RecA protein [8] , the most intensively studied enzyme in homologous genetic recombination. In fact, the nucleotide-binding cores of these two proteins are so similar in structure that they can be superimposed on each other with no major differences. Why the central machinery of ATP synthesis in eukaryotic cells should be a structural homolog of a bacterial recombination protein has remained a mystery, with the only cogent explanation being that they both evolved from a common ancestral protein. Strikingly, the active form of the F1-ATPase is a hexameric ring, while the active form of the RecA protein is a helical polymer formed on DNA. The RecA protein can, however, also form hexameric rings [6] . The significance of the structural homology between RecA and F1-ATPase was greatly enhanced when the first structure was determined for a helicase, the bacterial PcrA protein, and it was found that the conserved helicase motifs were associated with the same nucleotide-binding core seen in RecA and F1-ATPase [9] . Subsequent structures determined for other helicases have confirmed the original prediction that all helicases would contain the RecA nucleotide-binding core.
Studies of other putative helicases in bacteria have suggested that some of these proteins may work not as true helicases, but as DNA-dependent ATPases that use the energy derived from ATP hydrolysis to pump DNA or translocate along DNA. For example, one of these proteins, RuvB, forms a hexameric ring around double-stranded DNA that acts as a DNA pump during the process of branch migration in homologous recombination [10] . In this reaction, RuvB serves as the motor during strand switching between two homologous DNA molecules. A similar hexameric ring formed by the bacteriophage T7 gp4 protein, a replicative helicase, was shown to bind single-stranded DNA in the central channel, and a model for helicase activity was proposed involving the displacement of the complementary strand outside of the ring [11] .
It has become clear that the diversity of both function and mechanisms within this class of proteins may be large. For example, PcrA appears to function as a monomer that binds both single-stranded and double-stranded DNA [9] , so the functioning of the monomeric PcrA and hexameric T7 gp4 [5] proteins may be quite different, even though they have the same highly conserved core. Other proteins that do not even have the helicase motifs have now been shown to have this same core, such as adenosylcobinamide kinase/adenosylcobinamide phosphate guanylyltransferase [12] and the δ′ subunit of the DNA replication clamploader complex [13] , increasing the likelihood that the diversity of function in this superfamily of proteins is very large. Nevertheless, the possibility of common ancestry for all of these proteins raises many interesting questions in molecular evolution.
We now have clear evidence that a similar hexameric ring ATPase to those of the replicative helicases and RuvB branch-migration motor is part of the machinery for DNA transfer between bacterial cells [4] . Such transfers have enormous practical consequences, as they serve to pass antibiotic resistance plasmids between pathogenic bacteria. They also are of great significance in increasing the genetic diversity within a bacterial population by horizontal gene transfer. DNA transfer and replication proteins are encoded by conjugative plasmids in Gram-negative bacteria, such as E. coli, and TrwB is an integral membrane protein encoded by such a plasmid that has been shown to bind both single-stranded and double-stranded DNA in a sequence-independent manner. TrwB has also been shown to have an ATPase activity that is essential for DNA transfer [14] .
The crystal structure of a form of TrwB lacking the 70 amino-terminal transmembrane residues has now been solved [4] (Figure 1) . The structure has revealed that the subunits assemble into a hexameric ring surrounding a central channel, and that each subunit has the RecA-like nucleotide-binding fold. While DNA is not present in this structure, the eminently reasonable speculation is that single-stranded DNA passes through the central channel and is pumped between cells using the energy derived from the hydrolysis of ATP, in a similar manner to the action of the structurally homologous replicative helicases. The difference would be that TrwB is acting like a single-stranded DNA pump, rather than a helicase, in much the same way that the RuvB protein acts as a DNA pump for double-stranded DNA. This structural model is directly testable, and the structure provides a framework for understanding how the transfer of DNA might occur mechanistically.
The impact of this finding is heightened by the fact that little is known about the mechanism of chromosome segregation in bacteria, including spore formation. Spore formation in Bacilllus subtilis requires the SpoIIIE protein, and DNA transfer between the mother cell and the prespore is blocked in the absence of a functional SpoIIIE. It was noted that TrwB shows sequence similarity to SpoIIIE [14] , and it has now been shown that SpoIIIE is capable of tracking along DNA in vitro in an ATPdependent manner [15] , generating positive supercoils ahead of the protein and negative supercoils behind it. A simple explanation of this result may be that SpoIIIE also forms a hexameric ring structure like that formed by TrwB, but that it pumps or translocates double-stranded DNA rather than the single-stranded DNA present in plasmid transfers. SpoIIIE might thus act in a manner similar to RuvB in pumping double-stranded DNA.
The work on TrwB has provided some new insights into my original question of why are there so many helicases? It is highly likely that many of these putative helicases, like TrwB, do not function as helicases, but are involved in many aspects of DNA metabolism. The demonstration that bacteria use a helicase-like structure to pass DNA between conjugating cells shows us that the remarkable complexity of life may be mapped in some cases onto an underlying simplicity of structure.
